Seizures induced by fever (febrile seizures) are the most common type of pathological brain activity in infants and children. These febrile seizures and their potential contribution to the mechanisms of limbic (temporal lobe) epilepsy have been a topic of major clinical and scientific interest. Key questions include the mechanisms by which fever generates seizures, the effects of long febrile seizures on neuronal function and the potential contribution of these seizures to epilepsy. This review builds on recent advances derived from animal models and summarizes our current knowledge of the mechanisms underlying febrile seizures and of changes in neuronal gene expression and function that facilitate the enduring effects of prolonged febrile seizures on neuronal and network excitability. The review also discusses the relevance of these findings to the general mechanisms of epileptogenesis during development and points out gaps in our knowledge, including the relationship of animal models to human febrile seizures and epilepsy.
Introduction
Fever provokes seizures in one out of 20-50 children, so that these convulsions, termed 'ebrile seizures', are the most common form of pathological brain activity during development [1, 2] . In addition, although there is little evidence for an enduring adverse impact of short febrile seizures on the developing brain [1] , prolonged or focal febrile seizures (see Glossary) have been associated statistically with the development of intractable epilepsy that involves the limbic circuit (temporal lobe epilepsy; reviewed in [3] ). Not surprisingly, these seizures, their underlying mechanisms and their consequences have been a focus of interest for pediatricians and for physicians who treat individuals with epilepsy. In addition, as eloquent examples of perturbed neuronal circuit activity early in life and of activity-dependent plasticity, these seizures have attracted the attention of developmental and systems neurobiologists. To facilitate investigation of these seizures, several animal models of prolonged febrile seizures have been developed (e.g. [4] [5] [6] [7] [8] [9] [10] [11] ). Over recent years, these models have led to fundamental discoveries about the mechanisms of these seizures, their effects on neuronal excitability [12] [13] [14] [15] [16] [17] [18] and their relationship to epilepsy (epileptogenesis, see Box 1). These recent discoveries and the many remaining gaps in our knowledge are the focus of this review.
Mechanisms by which fever leads to 'febrile' seizures Genetic susceptibility to febrile seizures Febrile seizures occur sporadically and also run in families, so that the contribution of genetic background to their onset has been an active topic of discussion [19] . In immature rodents, hyperthermia provokes seizures in virtually all subjects, suggesting that genetic susceptibility is not a prerequisite for their generation [4, 5, 7, 13] . However, mouse strains differ in their seizure-threshold temperature (a measure of susceptibility [20] ), suggesting the involvement of genotype in these seizures. In addition, specific mutations of several ion channels that predispose to febrile seizures have been described in humans [21] [22] [23] [24] and rodent models [25] . Among these, mutations of sodium [21, 22] 
Glossary
Complex febrile seizures: those that last longer than 10-15 minutes or that are focal (arising from a specific brain region and manifesting as movement of one limb or side of the body). Epilepsy: occurrence of unprovoked (spontaneous) seizures, typically unpredictably. Epileptogenesis: the process of the transformation of a 'normal' neuronal network into one capable of generating unprovoked seizures. Febrile seizures: seizures that accompany fever, typically occurring at the onset of the fever. These are found in infants and children (3-6 months to 5-6 years), with peak incidence at approximately 18 months of age. Febrile status epilepticus: an arbitrary term denoting prolonged febrile seizures lasting more than 30 minutes. Focal seizures: seizures involving only a portion of the brain. This is apparent from their behavioral manifestations and/or EEG correlates. Limbic seizures: seizures involving the limbic circuit that includes amygdala, hippocampus and inter-related cortices. Behavioral features typically include freezing, mouth automatisms (i.e. lip smacking, chewing) and altered consciousness. Mesial temporal sclerosis: loss of neurons and gliosis in specific regions of the hippocampal formation that is found in a significant portion of individuals with temporal-lobe epilepsy. Prospective studies: subjects are identified at or close to the time of the event, information is collected contemporaneously in an organized manner and the outcomes are determined. Particularly when population-based, these studies avoid selection artifacts and recall bias. Conversely, they might miss smallprobability associations, are long and require large numbers of subjects. Retrospective studies: individuals or cases are identified after the fact (or with a known outcome, such as epilepsy) and evaluated retroactively. These studies can identify associations in relatively small populations but are open to ascertainment and recall biases and might assess selected (e.g., more severely affected) populations that do not reflect a general principle. Seizure: a paroxysm of abnormal activity of neuronal populations. This typically has to last longer that 3 seconds, be detectable using electrophysiological measures (EEG) and be associated with a change in behavior. Simple febrile seizures: short (<10 minutes, usually <5 minutes), without focal features. Temporal lobe epilepsy: epilepsy arising in and engaging primarily the limbic circuit, located in humans in the temporal lobe of the brain. 
